Cysteine-scanning analysis of the nucleobase-ascorbate transporter signature motif in YgfO permease of Escherichia coli: Gln-324 and Asn-325 are essential, and Ile-329-Val-339 form an alpha-helix.
The nucleobase-ascorbate transporter (NAT) signature motif is a conserved sequence motif of the ubiquitous NAT/NCS2 family implicated in defining the function and selectivity of purine translocation pathway in the major fungal homolog UapA. To analyze the role of NAT motif more systematically, we employed Cys-scanning mutagenesis of the Escherichia coli xanthine-specific homolog YgfO. Using a functional mutant devoid of Cys residues (C-less), each amino acid residue in sequence (315)GSIPITTFAQNNGVIQMTGVASRYVG(340) (motif underlined) was replaced individually with Cys. Of the 26 single-Cys mutants, 16 accumulate xanthine to > or =50% of the steady state observed with C-less YgfO, 4 accumulate to low levels (10-25% of C-less), F322C, N325C, and N326C accumulate marginally (5-8% of C-less), and P318C, Q324C, and G340C are inactive. When transferred to wild type, F322C(wt) and N326C(wt) are highly active, but P318G(wt), Q324C(wt), N325C(wt), and G340C(wt) are inactive, and G340A(wt) displays low activity. Immunoblot analysis shows that replacements at Pro-318 or Gly-340 are associated with low or negligible expression in the membrane. More extensive mutagenesis reveals that Gln-324 is critical for high affinity uptake and ligand recognition, and Asn-325 is irreplaceable for active xanthine transport, whereas Thr-332 and Gly-333 are important determinants of ligand specificity. All single-Cys mutants react with N-ethylmaleimide, but regarding sensitivity to inactivation, they fall to three regions; positions 315-322 are insensitive to N-ethylmaleimide, with IC(50) values > or =0.4 mM, positions 323-329 are highly sensitive, with IC(50) values of 15-80 microM, and sensitivity of positions 330-340 follows a periodicity, with mutants sensitive to inactivation clustering on one face of an alpha-helix.